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MEASUREMENTS OF LIFT COEFFICIENTS 
FOR A FAMILY OF CONES PLANING ON WATER 
Introduction 
Analysis or control of the trajectory of a cavity-running prc;>jectile re-
quires knowledge of the hyd-r-odynamic forces acting upon the vehicle. Al-
thollgh it would be desirable to describe these forces and moments com-
pletely for each proposed configuration, investigation of individual body 
components that might be combined as a complete projectile allows prior 
compilation of basic data that may aid in the most favorable combination 
of components for a variety of applications. Insight into the nature of the 
basic flow problems involved and the application of model data to problems 
involving a full-scale vehicle, will be aided by a piecewise study of the 
forces acting on basic geometric shapes. 
The values of the lift coefficient presented in this report are meant to 
simulate those which would be measured if the afterbody of a prototype mis-
sile were to strike the cavity wall. In place of the doubly _curved cavity wall 
encountered in prototype application, the flat water surface in the Free-
Surface Water Tunnel was used. Only lift forces were measured for sever-
al reasons: 
(1) For relatively long cavity-running projectiles (L/D ) 5), the lift 
force on the planing afterbody will contribute the greatest stabilizing effect. 
(Z) Lift forces can easily be measured. Since pressure forces are 
paramount, proper cognizance of Froude number modeling should leave this 
measurement least sensitive to other scale effects. 
The models used in this investigation consist of a family of Z-in. base 
diameter cones with the following apex angles: 0°{cylinder}, 15°, 30°, 45°, 
60°, and 90°. The model size of Z in. and the operating velocity of 23.4 fps 
were chosen on the basis of an experimental study of Froude number model-
ing for cylinders planing on water 1i.~. (See Appendix IV.} The angles of at-
tack and draft-diameter ratios studied were those which would most likely 
be encountered by the afterbody of a missile operating in a cavity and which 
would, therefore, be of greatest interest to the designer. For this reason 
the centerline angle of attack was varied through an angle of only 16° for 
*See references at end of this report. 
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each of the cones and through one only slightly larger for the cylinder. The 
use of negative angles of attack was also precluded on these grounds. 
In Appendix IV, which deals with scale effects, photographs of the mod-
els planing on the Free-Surface Water Tunnel have been included for the 
p\}rpose of describing visually the flow patterns associated with planing 
bodies of revolution. By examining these photographs, the reader may gain 
a familiarity with the data which might otherwise be lacking, and which may 
provide a more thorough insight into the basic principles governing this type 
of flow. 
This report, and that on Froude number modeling, 1 supersedes all pre-
vious publications i s sued by this Laboratory which deal with the measure-
ments of the lift of planing cones and cylinders, since refinements in both 
apparatus and experimental technique have produced results indicating that 
present data are more accurate than those formerly published. (See Ap-
pendix III. ) 
Lift Coefficients for a Family of Cones 
The apparatus and experimental procedure used in making the lift meas-
urements are described in Appendix I. The symbols used in this report are 
defined in Fig. 1. For maximum utility, the lift coefficients for the planing 
bodies have been presented in several ways. In Figs. 2 to 7, the lift coef-
ficients for each model have been plotted against submergence ratio (draft/ 
diameter) for various constant angles of attack, and then against angle of 
attack for constant submergence ratios. The angle of attack referred to 
in these curves represents the angle between the axis of symmetry of the 
cone and the water surface. 
The tabulated data in Tables I to VI i nclude many values which have not 
been plotted on the graphs. These unplotted data consist of check points and 
runs in such close proximity to those plotted that they were omitted from 
the graphs to prevent excessive crowding. In many cases only a small por-
tion of the data points near the origin have been plotted because of the large 
number of values determined in this region, and because of their close agree-
ment with each other. All experimental values measured in this study are 
presented in the tables, and those runs not plotted are so noted. References 
to sting support and original support on the curves are made to show the ef-
fect of changes in the method of model support. (See Appendix II.) 
- 88ffPI:8:Stf'i'la\la. 
d = base diameter of mode 1 
~ = draft (submergence of 
lowest point on model) 
~ = total vertex angle of cone 
Q. = angle of attack 
Q = surface angle of attack = a.+~ 
-3-
p = mass density of water 
free stream velocity 
l ' ft ff' . t lift force 1 coe 1c1en = ---z-:-r 
1/2 p v d 
0 
= gravitational acceleratiqn 
vo 
= Froude number = -
-Fgd 
Fig. 1 - Definition of symbols 
Conclusions 
If the angle of attack of the planing model be referred to the cone surface 
instead of to its axis of symmetry, the values of lift coefficient correspond-
ing to a given surface angle of attack can be plotted on a single graph for all 
of the cones regardless of apex angle. In Fig. 8, curves showing the lift 
coefficient as a function of surface angle of attack are drawn without breaks 
or abrupt changes, even though the data were obtained by using cones with dif-
ferent apex angles. In regions where data from different models overlap, the 
scatter is not significantly greater than that which is pre sent for values obtain-
ed from the same model. Within the limits of accuracy of these measurements 
0 0 
on cones from 0 to 90 apex angle and for the same values of the surface angle 
of attack, the lift coefficient is independent of cone angle for differences up to 
0 
about 30 • No attempt was made to secure greater overlap in values of surface 
angle of attack because it would have required that the centerline angle of at-
tack be so great as to make it useless for prototype performance computations. 
By taking advantage of this result, the designer can obtain lift data for 
cones not specifically investigated in this report. Also, theo.retical treat-
ment of the flow problem for one of the models, the cylinder for example, 
may produce results applicable to the other members o! t}).e cone family. 
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Fig. 2 - Lift coefficient vs. draft-diameter ratio and angle of attack for 2-in. diameter cylinder 
planing on water. V
0 
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Fig. 3 -Lift coefficient vs. draft-diameter ratio and angle of attack for 2-in. base diameter 15° cone 
planing on water. V 
0 
= 23.4 fps. Froude number based on diameter, F d = 10. 1. 
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Fig. 4 - Lift coefficient vs. draft-diameter ratio and angle of attack for 2-in. base diameter 30° cone 
planing on water. V 
0 
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I 
0' 
I 
.25 .2 5 
. 20 .20 
.I 5 
w 
'-(.) ---...... 
a:: ~ ---, ;>--. (0 .5) 0 L------ >--- (0.4) l>. 
"' 
__, 
1- "0 (0.3)-f-- l>. 
"'>o ~ ...J ~ .... 
.15 
...J -IN 
ocf 
1-
0 y- (0.2) 1- .... 
" 
. I 0 . 10 ~ ..J (.) 
.05 ~~t?t-----~-----+----~~----+-----JL_j 
....._ %=(0.1) 
.05 
. I .2 .3 .4 .5 .6 
0 
-4 0 
ANGLE OF ATTACK 1 a 1 IN DEGREES 
I I I I 
4 8 12 16 20 
Fig. 5 - Lift coefficient vs. draft-diameter ratio and angle of attack for 2-in. base diameter 45° cone 
planing on water. V 
0 
= 23.4 fps. Froude number based on diameter, F d = 10. 1. 
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Fig. 6 - Lift coefficient vs. draft-diameter ratio and angle of attack for 2-in. base diameter 60° cone 
planing on water. V 
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I 
00 
I 
. 25r-------~------+-------~------~-------r-------+--~ 
. 25 
.2 o I 
I I I I I I I 
.20 
LIJ 
<..) 
cr 
0 
LL 
LIJ 
<..) 
cr 
0 
LLN 
ISU~ ,.)t' .1 5 ~ >0 
...JQ_ 
...J -IN 
ct 
~ 
0 
~ 
.1oL II I (i1 lr:L I ~ 16"(STING) . 10 
...J 
;. 7 
(..) 
~~ 
1-- LL NO 
- > "'< 
...JQ.. ~ -JN 
...J ~ ct ~ ~ -.. ~ ~ II 
- -
-- ...J ~ -...-.. (..) r----- )..._ (0.3) ~ ~ (0 .2) 
I 
I 
I 
.05 .05 ~%- = (0 .1) ~ ~ 
!_= DRAFT 
d DIAMETER ANGLE OF ATTACK, a, IN DEGREES 
0 ~----~~----_...J ______ _...J ______ ~------~------~--~ 0 
-4 
I l l I 
0 .I .2 .3 .4 .5 .6 0 4 8 12 16 20 
Fig. 7 - Lift coefficient vs. draft-diameter ratio and angle of attack for 2-in. base diameter 90° cone 
planing on water. V 
0 
= 23.4 fps. Froude number based on diameter, F d = 10. 1. 
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Lift Draft 
(lb. Diameter 
a = 
.o2 • 017 
.02 .007 
.05 • 024 
.07 • 043 
• 10 • 059 
• 1 0* • 048 
• 15 .066 
• 20* .077 
• 25 .110 
• 3 .127 
.4 • 186 
.45* • 233 
• 5 • 256 
• 50* • 264 
• 6 • 325 
• 7 • 395 
• 8 • 458 
• 9 .522 
1. 0 • 575 
1. 0 * • 576 
1.1 • 622 
1. 2 • 667 
1.3 • 716 
1.4 • 751 
1.4* • 756 
1.5 • 795 
1.6 • 833 
1.7 • 868 
-I 1-
TABLE I 
o£0DWIQENTIAI . 
... 
~ESULTS FOR 2 IN. DIAMETER CYLINDER 
Velocity Lift Lift Draft Velocity Lift 
(fps) 1;2 v 2d 2 (lb) Diameter (fps) l/2P V 2d 2 p 0 0 
4° 31 ' = 6 ° 58' a 
23.38 • 0014 • .02 .007 23.24 .0014 
• 41 • 0014 • 05 .026 • 24 .0034 
• 34 • 0034 .o5'~~ .018 • 29 • 0034 
• 34 • 0048 .08 • 036 • 29 .0055 
• 31 • 0068 • o8* • 030 • 20 • 0055 
• 40 .0068 • 12* • 040 • 24 .0082 
• 38 • 0102 .12 .038 • 37 • 0082 
.42 .0136 • 16 .055 • 24 • OllO 
.42 .0170 • 20 .059 • 29 .0137 
• 31 • 0205 • 25 .066 • 24 .0172 
.42 • 0271 • 30 • 084 • 29 • 0206 
• 38 • 0305 • 30* • otn • 24 .0206 
• 38 • 0340 • 35 .097 • 29 • 0240 
• 37 • 0340 • 40 • 116 • 29 • 0274 
• 36 • 0409 • 50 .149 • 29 • 0342 
.41 .0475 • 60 .194 • 20 • 0414 
.38 .0543 • 60* .198 • 24 .0413 
• 36 .0612 • 70 • 248 • 24 • 0481 
• 31 • 0684 • 80 • 310 • 24 .0550 
.42 • 0678 .90 • 381 • 24 • 0616 
• 31 • 0751 1.00 • 437 • 29 • 0685 
• 36 • 0817 1. oo* • 439 • 29 .0685 
• 34 • 0889 1. 10 .503 • 20 .0759 
.40 • 0950 1. 20 • 569 • 24 • 0825 
• 45 • 0945 1.30 • 615 • 37 • 0885 
• 31 .1023 1. 30* • 629 • 20 • 0896 
• 34 .1091 1. 40 • 677 • 37 • 0952 
• 36 • 1159 1.55 • 765 • 29 .. 1061 
1. 70 • 845 • 24 .. 1170 
1. 85 • 915 • 24 .1271 
2.00 • 983 • 24 .1376 
2.oo* • 981 • 29 .1370 
2.15 1.058 • 20 .1482 
2. 15 * 1 • 70 
1.050 
. • 842 
• 20 
• 29 •. 14~2 • ll 5 
* - Check points taken after re s et~ing counterbalance 
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Li!t Draft 
(lb) Diameter 
a. = 
• 05 .018 
.os* .027 
• 10 • 029 
.10* • 034 
.15 • 039 
• zo .056 
• 20* • 053 
• 25 .063 
• 30 • 069 
• 40 .091 
.40* 
.093 
.5 .112 
.55 .123 
• 6o* .143 
• 70 • 171 
• 8 * • 218 
• 85 • 225 
1.0 • 292 
1. 0 * • 292 
1. 1 • 346 
1.2 .400 
1. 3 • 459 
1. 4 • 524 
1. 5 • 589 
1. s* .596 
1. 6 .645 
1. 7 • 719 
1. 8 • 771 
1. 9 • 817 
1. 9* • 821 
2~ 0 • 876 
2 .• 15 • 956 
2 .. 3 1. 023 
2 .. ·3* 1. 029 
2 .. 4 1.071 
-12-
TABLE 1 
(continued) 
RESULTS FOR Z IN. DIAMETER CYLINDER 
Lift 
Velocity 
1/ZpV ldl {fps) 
0 
Lift Lift raft Velocity 
(1b) Diameter (fps) 
8° 59' a. = 12° 01' 
23.34 • 0034 
• 34 • 0034 
• 26 .0069 
• 31 • 0068 
• 26 .0103 
• 36 .0136 
• 36 .0136 
.42 .0170 
.49 • 0202 
• 36 .0273 
• 05 • 023 23.38 • 0034 
.05 .013 .42 .0034 
.10 .035 .38 .0068 
.10 .035 .38 .0068 
.15 .039 .38 .0102 
.20 .045 .4Z .0136 
.30 .064 .38 .0204 
.30 .057 .38 .0204 
.40 .078 ,34 ,0273 
.so .099 .38 .0340 
• 29 • 0274 
• 37 • 0340 
• 38 • 0374 
• 31 • 0410 
.42 • 0475 
• 34 .0546 
• 49 .0571 
.44 .0675 
• 34 .0683 
• 37 • 0749 
• 42 • 0815 
.49 • 0875 
• 36 .0950 
.36 • 1021 
• 36 .1021 
• 34 .1090 
• 31 • 1160 
• 31 • 1230 
.65 .124 .38 .0441 
.so .155 .34 .0546 
• 9 o* • 1 6 9 • 52 • o 6os 
1.00 .206 .38 .0680 
1. 10* • 228 .45 • 0745 
1.20 .272 .45 .0811 
1.20 .Z70 .42 .0814 
1.40 .350 .42 .0950 
1.50 .400 .45 .1012 
1.60 .451 .42 .1084 
1,.70 .515 .38 .1154 
1.80 .552 .49 .1212 
1.80 .562 .3'8 .1221 
1.90 .620 .45 .1284 
2.00 .694 .38 .1359 
2.00 .681 .34 .1366 
2.10 • 731 .49 • 1414 
2.10 .730 .42 .1422 
• 33 • 1298 
• 37 • 1292 
• 33 • 1366 
• 29 .1472 
• 33 .1570 
• 34 .1570 
• 36 .1637 
2.20 .789 .4Z .1490 
2e30 .839 ' .45 .1555 
2.45 ~924 .45 .1656 
z.6o 1o006 .52 .1745 
2.60 1.021 .38 .1768 
2.7~ lel12 .45 .le6o 
2. 75*~ 1.105 .42 , 1864 ' 
------~--------~---------~ * -Check points taken after ~:etting counterbalance 
tONF IDEHTIAfs 
Lift Draft 
(lb) Diameter 
a. = 
• 05 • 030 
• os* .023 
.10 • 039 
.15 .049 
.1s* .047 
• 20 .056 
• 30 .06S 
.40 • oso 
.40* • 074 
.55 • 095 
• 70 .119 
• ss • 139 
1.00 .162 
1. oo* .160 
1.20 • 210 
1. 40 • 252 
1.so* • 2SS 
1. 60 • 311 
1. so • 3S7 
1. so* • 3S6 
2.00 .46S 
2. 20 • 563 
2. 20* .563 
2. 35 • 634 
2. 50 • 716 
2.65 • 795 
2. 65* • 7S7 
,2. so • S75 
2.90 .932 
,3. 00 .99S 
3. 10* 1.040 
13. 15 1. 070 
! 
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TABLE I 
(continued) 
'8~tfei:B~I4'fiirL 
RESULTS FOR 2 IN. DIAMETER CYLINDER 
Velocity Lift 
(fps) 1/l p v. ~d2 
0 
Lift D:t:aft Velocity Lift 
(lb) Diameter (fps) 1/2 v 2d 2 p 0 
15° 59' 20° 06 1 
I 
a. = 
23.27 • 0034 .02 • 013 23.3S • 0014 
.48 • 0034 
• 34 • 006S 
• 04 .016 • 34 .0027 
.o4* .024 • 3S .0027 
• 34 • 0112 .07 .028 • 37 .0048 
• 34 .0102 
• 41 .0136 
.10 • 035 • 33 .006S 
.10* .042 .40 .006S 
.45 • 0203 .15 .037 • 30 .0102 
• 41 .0272 • 20 .040 • 23 .0138 
• 34 • 0273 • 30 .04S • 27 • 0206 
.45 .0371 • 30* .oss .42. • 0203 
.41 • 0475 
.41 • 0576 
.40 .056 • 31 .0274 
.so* .0775 • 33 • 0342 
• 3S • 06SO • 60 • OS6 • 22 .0413 
• 3S • 06SO • so ' .110 • 31 • 0546 
• 3S • OS15 
• 41 • 0950 
1.00* • 131 • 31 • 06S4 
1. 10 .161 .42 • 0745 
• 3S .1020 1.20 .167 • 37 .OS16 
• 45 .lOSO 1.40 • 202 • 29 .095S 
• 3S .1222 1. 60 • 242 .1S .1103 
• 34 .1230 1. so • 296 • 22. • 1239 
.45 • 1350 1. so* 
. 
• 303 .46 .1213 
• 3S .1493 2.00 • 350 • 26 .1371 
• 45 .. 14S7 2. 20 • 427 • 2.4 • 1511 
• 41 .1592 
.45 .16S9 
2.40 .505 • 2.6 ~ 164S 
2.40* .499 .46 .1619 
• 3S • lSOO 2.60 • 5S7 • 24 o178S 
.49 .17S3 2e SO • 6S2 • 21 .1927 
.41 .1900 
,.41 .1966 
3.00 • 7S6 • 23 • 206 
3.oo* • 771 .42 • 203 
.45 • 2024 3. 20 • SS5 .40 • 217 
• 45 • 2094 3.40 1.000 .40 • 2306 
• 41 • 214 3.60 1. 160 .14 • 2492 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
: 
* • Check points taken after rese1ting counterbalance 
@ 8HFI:BEN'Yli'dsz 
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TABLE I 
(continued) 
'@ONE lD.!!.N I !At 
RESULTS FOR 2 IN. DIAMETER CYLINDER 
Lift Draft Velocity Lift (1b) Diameter (fps} 1/l pv 2d 2 
0 
Lift Draft Velocity Lift 
1/2 pV 2d 2 {1b) Diameter (fps) 
0 
a. = 22° 36 1 a. = 24° 
.10 • 019 23.38 .0068 
• 20 .040 • 34 .0139 
• 30 • 043 • 38 • 0204 
• 30 • 047 • 34 • 0205 
.40 • 060 .41 • 0272 
• 80 .100 • 41 • 0543 
1. 00 
.128 • 38 • 0680 
1.50 
.198 • 34 .1024 
1. 75 • 255 • 38 .1189 
2.00 • 31 0 • 31 • 1369 
2. oo* • 309 • 29 .1371 
2. 30 .404 • 29 .1575 
2. 30* • 390 • 38 .1563 
.10 .025 23.33 .0068 
• 20 .040 • 29 .0137 
• 30 .050 • 38 .0204 
.40 • 060 • 20 .0276 
• 60 .oso • 26 .0412 
• 80 .096 • 27 • 0550 
1.oo .122 .23 . • 0689 
1. 25 .156 • 29 • 0857 
1.50 • 200 .34 • 1024 
1.75 • 247 • 37 .1191 
2.00 • 299 • 31 .1369 
2.30 • 380 
.33 • 1570 
2.55 .453 • 34 .1740 
2.55 .480 • 38 .1733 
2. 55* .476 • 34 • 1740 2 ~ 55* .480 • 38 .1733 
2. 80 .510 • 30 .1919 
2. 90 • 581 • 31 • 1,982 
3.00 • 640 • 29 
·• 206 
2. 80 • 575 • 34 • 1911 
2. so* .576 • 38 .1904 
3.10 • 688 • 38 • 2107 
3. 25 • 751 • 30 ' • 2216 
2.90 • 626 .42 .1968 
3. 00 • 665 • 38 • 204 
3. 00 • 662 • 38 • 204 a = 10 30 • 
3. 25 • 780 • 34 • 222 
3.'40 • 857 .. 34 • 232 .01 • 029 23.29 .0007 
3.60 • 965 • 34 • 246 .01 .019 • 31 • 0007 
.o1* 
.027 • 26 • 0007 
.02 .043 
'24 .0014 
.03 .062 
'23 • 0021 
• 04 .072 • 31 .0027 
.04* • 065 • 31 • 0027 
.07 
.119 ~36 .0048 
.09 .147 • 33 • 0061 
.09* .137 • 31 • 0061 
.12 .173 
.38 • 0082 
.12* 
.166 • 31 • 0082 
.15 .198 • 24 .0103 
.18 • 220 • 26 
.0123 
.18 * • 218 • 27 .0123 
• 21 0 232 • 22 • 0144 
• 24 • 248 • 29 .. 0164 
• 24* .244 • 38 • 0164 
*- - L.'hec.K po1nts alfer resetting counte rbalance eeu P tf!H!!n i'ili a • 
. 
Lift Draft 
(lbs) Diameter 
a. = 
• 05 • 016 
• OS* .022 
. 10 • 03S 
.10* • 040 
.10* . ozs 
. 15 • 035 
• 15 . 041 
. 15* ' .034 
.15* . 040 
. 20 • 050 
. 20* • 049 
. 20* . 047 
. 30 • 0_73 
.40 • 091 
.40* • 09.0 
.55 . 126 
• 70 • 177 
• 80 • 206 
. 80* • 202 
. 90 • 248 
1. 00 • 301 
1.00* . 298 
1. OS • 32.7 
. 60* .142 
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TABLE II 
RESULTS FOR 2-IN. BASE DIAMETER 
15° CONE 
Velocity Lift Lift Draft 
(fps) 1/2 PV 2d2 (lbs) Diameter 0 
00 a = 
23.34 . 0034 • 05 • 019 
• 29 .0034 . 10 • 03S 
• 29 .0068 • 10* • 025 
• 2.0 • 0069 • 15 .040 
• 20 • 0069 • 20 . 047 
• 29 • 0103 • 30 .058 
• 20 • 0103 . 30* .053 
. 24 . 0103 . 40 • 070 
• 17 • 0104 .55 • 094 
. 24 • 0137 . 70 • 116 
• 23 • 0137 .70* . 117 
. 27 .0137 • 80* .136 
• 24 . 0206 .90 .157 
• 24 . 0274 1.00* . 185 
• 29 • 0274 1. 10 • 210 
. 20 . 0380 1. 25 . 254 
. 17 • 0485 1. 25* • 256 
• 24 . 0550 1. 40 • 306 
• 24 . 0550 1. 50 • 353 
• 24 .0619 1. 60 • 392 
. 29 • 0685 1. 70 .440 
. . 29 . 0685 1. 70* • 443 
• 29 . 0720 1. 75* .464 
. 24 .0412 1. 80 .500 
1. 85 • 530 
* • Check points after resetting counteroa1ance 
& 8U1!IDEN dJitb-
Velocity Lift 
(fps) I/z P v zdz 
0 -
40 
23.29 • 0034 
• 36 .0068 
• 38 .OQ68 
• 38 • 0102 
.42 • 0135 
• 34 .• 0204 
.38 • 0204 
• 38 .0282 
• 38 • 0373 
• 38 . 0475 
,41 .0479 
.38 • OS44 
• 38 • o&'to . 
.45 • 0675 
• 38 • 0747 
• 38 • 0850 
.45 .. oa;-t:s 
.38 . 0950 
• 38 .1019 
• 34 .1087 
.38 • 1152 
.42 • 1150 
• 38 • 1189 
• 31 • 1230 
.38 • 1256 
•eetf~Ie!lH'fM I. 
' I 
Lift Draft 
(lbs) Diameter 
a = 
• 05 • 019 
.05* .012 
• 10 • 025 
.10* • 029 
• 20 • 046 
• 30 • 053 
• 3011 • 050 
• 45 • 076 
• 60 • 090 
• 75 • 107 
• 7511 
.098 
• 90 • 131 
1. 00* .140 
1. 10 • 174 
1. 25 • 186 
1. 25* • 192 
1. 40 • 226 
1. 60 • 282 
1. 60* . 276 
1. 80 • 347 
1.90* • 388 
2.00 • 430 
I 2. 15 • 481 
. 2.. 15* . 492 I 
I 2.30 • 557 
1 2. 45 . 635 
! 2 . 55 • 694 
i 
• 690 I 2.55* 
I 2.60 • 732 
l 
! 
-1 .. 6-
TABLE II 
(continued) 
RESULTS FOR 2·IN. BASE DIAMETER 
15° CONE 
Velocity Lift Lift Draft 
{fps) 1/2 V" 2d2 p 0 {1bs) Diameter 
80 a. = 
23.24 • 0034 • 1 • 013 
• 24 .0034 .1* • 023 
• 31 .0068 • 2 • 035 
• 24 • 0069 • 35 • 049 
• 31 . 0137 • 35* .058 
• 31 • 0205 • 5 • 060 
• 34 . 0205 • 7 • 084 
. 31 • 0308 .9 .097 
• 31 • 0410 • 9* • 108 
. 23 • 0515 1. 15 • 131 
• 31 • 0511 1.4 • 160 
• 23 • 0620 1. 65 • 204 
• 31 • 0684 1. 65* • 216 
• 26 .0756 1.9 • 250 
• 31 • 0855 2. 15 • 318 
• 24 • 0860 2.40 • 386 
• 27 .0960 2.40* .400 
• 27 • 1099 2.co .440 
. 29 . 1097 2.80 • 509 
• 27 . 1237 3.0 .588 
• 29 • 1300 3.0* .593 
. 27 • 1372 3.2 • 670 
•. 24 • 1480 3.35 . 725 
. 29 • 1471 3. 5 . 795 
. 27 • 1580 3.5* • 809 
• 31 • 1673 3.65 • 855 
• 24 • 175 2 3. 8 .945 
• 24 • 1752 3.9 .977 
• 22 • 1791 4 .. 0 1.040 
4.0* 1. 070 
* - Check points after resetting counterbalance 
Velocity Lift 
(fps) l/2pV 2d 2 0 
16° 
23.45 .0067 
• 31 • 0068 
.41 . 0136 
.42 · • 0237 
• 38 • 0238 
• 38 . 0340 
• 38 • 0475 
• 38 • 0610 
• 36 • 0614 
• 37 . 0783 
• 37 • 0953 
.41 .1120 
• 37 • 1121 
• 31 . 1300 
• 30 .1470 
• 31 • 1640 
• 31 • 1640 
• 33 .1776 
• 34 .1910 
• 31 • 205 
. 31 • 205 
• 36 .218 
.38 • 228 
• 37 • 238 
• 31 . 239 
. 36 . 248 
.38 • 258 
• 31 .. 266 
• 41 • 271 
• 31 • 273 
1!18HPI:8BH'fb0zL 
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TABLE II 
(continued) 
REStrLTS FOR 2-IN. BASE DIAMETER 
15° CONE 
Lift Draft Velocity Lift 
(1bs) Diameter (fps) l/2PV 2d 2 
0 
Cl = 12° 
• OS . 017 23.38 .0034 
• 10 • 020 . 38 .0068 
• 1 0* . 011 • 38 • 0068 
. 20 • 036 • 36 .0136 
• 20* • 031 . 38 .0136 
• 30 • 049 • 37 • 0204 
• 30* • 047 • 38 • 0204 
• 40 • 061 • 38 • 0272 
• 55 • 082 • 34 • 0375 
. 70 • 097 . 36 .0476 
• 70* .083 • 38 .0475 
.90 .119 • 36 .0613 
.90* • 108 .38 .0610 
1. 15 . 155 • 31 • 0785 
1. 30 • 177 • 36 • 0885 
1. 30* • 163 .38 • 0883 
1. 50 • 210 • 36 .1020 
1. 70 . 246 • 34 .1160 
l. 70* • 245 • 38 • 1152 
1. 90 • 300 • 33 .1300 
2.00 • 335 • 31 .1368 
2. 15 • 384 • 33 .1468 
2. 15* • 371 .42 .1457 
2.30 • 430 • 33 .1570 
2.45 .492 • 38 .1663 
2.60 • 538 • 38 • 1765 
2.70* • 574 .48 • 1820 
2.80 • 620 • 33 .1910 
2. 90* • 688 ,41 .1968 
2.95 • 705 • 36 • 2000 
3.00 • 737 . 38 • 2040 
3. 10 • 790 . • 31 • 2120 
3.20 • 825 • 31 • 2180 
3.20* • 780 .42 • 2160 
3.30 • 880 .38 • 2240 
3.30* • 820 • 38 • 2240 
2. 60"~ • 530 .45 .1752 
* - Check points taken after resetting 
counterbalance. 
6' WltTPI8BH'ff:ziiL 
eON f IDE 14 Y!AH' 
TABLE III 
RESULTS FOR 2-IN. BASE DIAMETER 
30° CONE 
Lift Draft Velocity .Lift 
1,/l PV 2d 2 (lbs} Diameter (fps) 
0 
a = 00 
• 1 • 020 23.38 .0068 
• l * • 019 • 52 • 0067 
. 2 • 029 .52 • 0135 
• 3 • 046 • 38 • 0204 
.3* • 038 • 38 • 0204 
. 45 • 058 • 29 • 0308 
• 6 . 075 
' 31 .0410 
. 6* • 069 .38 .0408 
• 8 • 095 • 31 .0546 
-9* • 118 . 29 • 061-6 
.9* • 113 • 38 .0611 
1.0 .134 • 34 .0682 
1.2 . 169 . 29 . 0823 
l. 2* .168 • 29 • 0822 
1..4 • 210 .42 • 0950 
1. 55 . 251 .45 .1048 
1. 65 . 282 . 34 • 1126 
l. 65 ~ . 288 . 29 • 1 i 30 
1. 75 . 324 • 38 • 1190 
*- Check points taken after resetting 
counterbalance. 
J,S S.ll!Q! !DEI~ YIAis 
Jii 'i'JTFIB:!!H'ffftbp 
TABLE III 
{continued) 
RESULTS FOR 2-IN. BASE DIAMETER 
30° CONE 
Lift Draft Velocity Lift Lift Draft 
(lbs} Diameter (fps} l/2 v 2d 2 p 0 (lbs} 
Diameter 
a.= 4o# a. = 
• 1 • 019 23.34 • 0068 • 1 .008 
.1* • 023 • 29 . 0068 • 1* .012 
• 2 . 037 • 34 • 0136 . 2 .026 
. 2* . 032 . 34 .0137 . 3 . 043 
. 3 • 040 • 38 • 0204 • 45 • 054 
. 3 • 042 • 38 • 0 Z.04 .45* .053 
• 4 • 054 • 34 . 0273 . 60 . 070 
. 6 .. 073 . 31 • 0410 . 80 • 0094 
• 6* • 071 • 29 • 0411 • 80* • 092 
. 8 . 096 • 38 • 0544 l. 05 • 120 
1.0 . 121 • 38 . 0680 1. ZO>t< .142 
l. 0* .119 • 31 . 0684 l. 35 • 170 
l. 25 . 159 • 29 • 0857 1. 60 . 218 
l. 50 • 200 . 29 .1028 l. 60* • 220 
1. 60* . 224 . 29 .1097 l. 80 • 268 
l. 75 • 260 • 34 • 1193 1. 90 • 295 
1. 75* • 257 . 26 . 1200 1.90* • 297 
l. 90 . 298 . 26 • 1303 2.00 • 331 
2.00 • 329 • 29 . 1370 2. 10 • 365 
2.00* . 335 .34 . 1364 2.20 • 397 
2. 10 • 365 . 34 • 1432 2. 20* .403 
2.20 • 398 . 34 . .1500 2.25 .438 
I 2. 20* . 401 • 31 • 1502 
,2. 30 • 450 • 31 • 1570 
#- This run plotted in preference to 
corresponding run using other 
type support, 
* - Check points after resetting counterbalance 
eetU ID~H'fiAL 
Velocity Lift 
(fps) 1/z pv 2d2 
0 
4 ° (Sting supported) 
23.31 .0068 
. 40 .0068 
.45 . 0135 
.42 . 0203 
. 37 • 0306 
• 45 .0304 
.48 .0404 
• 45 .0540 
.46 • 0539 
. 38 • 0713 
.55 • 0804 
• 44 .0913 
. 45 .1080 
• 38 • 1087 
• 38 . 1223 
.46 • 1281 
• 46 .1281 
. 40 • 1357 
.46 .1416 
.45 . 1485 
.45 • 1485 
• 31 • 153 7 
azii 8NFI:BDH'¥ifds -
Lift Draft 
(1bs) Diameter 
a. :: 
• 1 ,(;!8 
• 1 * .022 
. 2 .032 
• 3 • 040 
. 3* • 036 
• 3* . 036 
. 45 • 060 
• 6 . 075 
. 6* .068 
. 8 • 095 
1.0 . 112 
1.3 • 147 
1.3* • 151 
1.5 • 176 
1.7 • 211 
1.9 . 252 
1. 9* . 253 
2. 1 . 296 
2. 3 • 356 
2.3* • 365 
2.45 .407 
2.55 .450 
2.55* .450 
2.65 . 489 
-20-
TABLE III 
{continued) 
RESULTS FOR 2-IN. BASE DIAMETER 
30° CONE 
Velocity Lift Lift Draft 
(fps) J/2 PV 2d 2 (1bs) Diameter 0 
80 ct = 
23.34 • 0068 . 1 • 019 
. 31 • 0068 • 2 • 0 26 
• 31 .0137 • 2* .034 
• 34 • 0204 . 3 ,048 
• 31 . 0205 • 3* • 04.3 
• 31 • 0205 • 4 • 050 
• 38 . 0306 • 55 .065 
.34 . 0410 . 7 .080 
• 34 • 0410 • 9 • 095 
• 31 • 0546 
.9* . 093 
• 45 . 0675 1.2 • 132 
.42 . 0881 1. 45 . 163 
• 38 • 0884 1.7 . 210 
• 38 • 1020 1. 7* • 198 
.42 . 1151 1.9 • 234 
• 29 • 1301 1. 9* . 2.38 
·• 42. • 12.89 2. 1 • 284 
• 34 .1432 2.3 • 334 
.38 .1563 2. 3.C< .324 
. 29 • 1576 2.3* . 317 
• 34 • 1670 2. 5 . 392 
• 31 • 1740 2.5* • 375 
• 29 . 1760 2.65 . 425 
. 31 • 1810 2. 8 .480 
2.8* . 475 
2. 9 • 511 
3.0 .552 
3. 1 • 595 
* - Check points after resetting counterbalance 
ati Ql I!'I!el!JH'f'll £1:5 
Velocity Lift 
(fps) 1/2 v 2d 2 p 0 
12° 
23.38 .0068 
• 31 • 0137 
• 31 .0137 
• 34 . 0204 
• 29 • 0206 
• 3} • 0273 
• 38 • 0374 
• 34 • 0477 
• 2.9 . 0616 
. 31 • 0615 
• 31 • 0820 
• 31 • 0990 
~ 31 • 1161 
. 34 . 1159 
• 38 • 1290 
• 34 .1296 
. 31 .1435 
• 31 . 1570 
.38 • 1561 
• 38 . 1561 
• 38 . 1700 
• 38 . 1698 
. 29 • 1815 
• 31 • 1912 
• 31 . 1912 
• 38 • 1970 
. 34 . 2044 
• 38 • 2103 
QQ'~JJt'lJ2ENT! A I = 
Lift Draft 
(1bs) Diameter 
a. = 
• 1 • 011 
• 2 • 029 
. 2* • 021 
• 2* • 025 
• 3 • 033 
• 45 .050 
• 6 ; • 065 
• 6* • 061 
• 8 • 078 
1. 00 • 100 
1. 30 • 131 
1.30* .130 
l. 60 . 170 
1. 90 • 213 
12.10 • 250 
2. 1 0* . 258 
2.30 • 289 
2.45 . 327 
2.60 • 364 
2.60* • 369 
2. 75 • 407 
2. 90 . 448 
~.00 .508 
~.00* . 515 
~.05 .552 
TABLE III 
(continued) 
RESULTS FOR 2-IN. BASE DIAMETER 
30° CONE 
Velocity Lift Lift ~a.iL_ 
(fps) 1/2 PV 2d 2 (1bs) Diameter 
0 
16° a. = 16 o It 
23.44 • 0068 • 1 • 013 
• 49 • 0135 . 1 * .008 
• 37 • 0136 . 1 * ,016 
• 33 • 0136 • 2. • 025 
• 34 . 0204 • 2* .036 
• 38 . 0306 • 35 .038 
• 38 • 0408 • 5 • 054 
• 29 . 0411 .5* • 064 
• 36 • 0545 • 7 • 078 
• 34 . 0682 • 9 .. 103 
. 38 . 0883 1.1 . 121 
• 41 • 0881 1. 1 * • 124 
• 45 .1080 1. 35 . 152 
.42 . 1286 1.6 • 184 
• 41 • 1423 1.9 • 234 
. 38 . 1427 1. 9* • 234 
• 45 .1553 l. 9* • 245 
. 46 .1652 2. 1 • 263 
. 45 • 1756 2.3 • 310 
• 45 • 1756 2.5- • 366 
.45 . 1857 2.5* • 379 
• 49 • 1952 2.6 • 397 
• 44 . 2028 '2.7 .432 
.42 • 2031 2. 8 .454 
. 38 • 2072 2.8* • 463 
2. 9 .497 
3.0 . 563 
3.0* • 551 
3.05 • 708 
3. l • 774 
AA?J iF!l5!!S N I lAb 
Velocity Lift 
(fps) l/2P V ldl 
0 
(Sting supported) 
23.45 • 0068 
.49 • 0067 
.46 • 0067 
• 33 • 0136 
.37 .0136 
• 38 .0238 
.40 . • 0339 
• 26 • 0343 
.41 .0474 
.41 • 0610 
• 34 • 0750 
• 33 . 0750 
.41 .0915 
• 29 • 1096 
.44 • 1285 
• 67 • 1260 
• 23 • 1308 
• 51 • 1411 
.40 .1560 
• 31 • 1708 
• 29 • 1712 
.38 • 1766 
• 34 • 1840 
. 37 • 1905 
• 36 . 1906 
. 33 .1978 
• 31 • 2049 
.36 • 2042 
• 40 • 2069 
• 34 • 2113 
#-This run plotted in preference to 
corresponding run using other type 
support. 
* - Check points after resetting counterbalance 
"9tlli'lPi& l>'TI A I 
Lift Draft 
(lbs) Diameter 
a. 
• 1 • 013 
.1* • 012 
• 2 . 027 
. 3 . 038 
.3* . 037 
. 45 .047 
• 6 • 058 
• 8 .073 
• 8* • 081 
1.0 • 101 
1.2 • 127 
1.4 . 153 
1. 4* • 15'1·· 
1.6 • 190 
1.8 • 225 
1. 8* . 228 
2.0 . 275 
2.0* . 278 
2. 1 • 308 
2. 1 * • 312 
-22-
TABLE IV 
RESULTS FOR 2-IN. BASE DIAMETER 
45° CONE 
Velocity Lift Lift Draft 
(fps} 1/2 PV 2d 2 (lbs) Diameter 0 
= 
00 (.'i = 
23.38 • 0068 • 1 .012 
• 38 . 0068 .1* • 013 
. 34 • 0136 • 2 • 024 
. 31 • 0205 • 3 . 033 
• 34 . 0204 .3* . 034 
• 38 • 0306 • 5 .056 
• 29 . 0411 . 7 .073 
,42 • 0542 • 7* • 071 
• 31 . 0546 • 9 .096 
.38 • 0679 1. 15 • 117 
• 34 • 0818 1. 15* .119 
. 34 • 0954 1. 40 .148 
. 37 . 0952 l. 65 .178 
• 34 • 1090 1. 65* • 181 
• 38 • 1223 1. 90 • 226 
. 31 • 1230 2. 00* • 250 
.42 .1354 2. 1 • 282 
.52 . 1344 2. 25 .318 
.42 • 1422 2.25* • 319 
• 45 • 1419 2.35 • 350 
2.35* • 350 
2.45 • 378 
* - Check points taken after resetting counterbalance 
S2iTJPIJjiillH1l a 
Velocity Lift 
(fps) l/2PV 2d 2 0 
40 
23.38 . 0068 
• 31 . 0068 
• 31 . 0137 
• 36 . 0204 
• 34 • 0204 
• 34 . 0341 
.38 . 0475 
• 38 . 0475 
• 31 . 0615 
.38 .0781 
• 24 . 0790 
.38 • 0951 
• 51 • 1110 
.45 • 1115 
.42 • 1286 
• 38 .1359 
• 38 . 1427 
• 38 • 15 28 
• 29 . 1541 
.42 . 1591 
• 38 • 1597 
.45 . 1655 
_e&I41 P I:e!f!IJ'jlfhi.. 
Lift Draft 
(lbs) Diameter 
a = 
. l . 016 
. l* . 015 
• 2 • 028 
. 3 . 037 
.3* . 034 
.45 .046 
• 65 . 064 
• 65* . 066 
. 9 . 091 
1.1 • l 08 
L 1* . 106 
1. 4 • 145 
1.7 . 187 
1. 7* J 185 
1.9 . 221 
2. 1 . 260 
2. 1 * . 250 
2, 3 . 306 
2..4 . 327 
2..55 . 373 
2..55* . 373 
2. 65 . 441 
-2.3-
TABLE IV 
(continued) 
RESULTS FOR 2.-IN. BASE Dlri>METER 
45° CONE 
"QNFI:Jg6N~L\L 
Velocity Lift Lift Draft Velocity :!iift 
(fps) 1/2. v 2d2 (lbs) Diameter (fps) l/2. v 2d 2 p 0 p 0 
80 a = (V,L( ) 8 ir Sting supported 
23.34 • 0068 • l .012. 2.3.42 .0068 
• 45 . 0068 . l • 009 • 38 .0068 
• 31 .0137 • 2. .016 • 46 • 0135 
• 31 • 0205 . 3 .033 . 44 . 02.0 3 
• 45 • 0203 • 3* . 037 .38 • 02.04 
• 34 .0306 . 45 • 043 .38 • 0306 
.42 • 0440 . 65 .068 .42. .0440 
.38 . 0441 .9 • 091 .41 . 0610 
.42. • 0609 .9* • 091 .46 . 0607 
.42 • 0745 1.1 . 115 • 45 . 0743 
• 49 • 0741 1.3 . 131 . 44 .0879 
. 38 . 0951 1. 3* .133 .45 . 0878 
• 59 . 1139 1. 55 . 169 .40 . 1052. 
.49 . 1145 1.8 • 209 • 30 • 1231 
• 38 . 1291 2.0 • 241 .42 . 1354 
. 38 . 1427 2.0* . 245 .45, • 1350 
. 54 .1409 2. 15 • 274 • 38 . 1461 
. 31 • 15 7 1 2.3 • 309 • 41 . 1558 
.48 • 1618 2..4 . 340 .48 . 1617 
. 45 . 1723 2.5 . 364 .52 . 1678 
. 42 . 1726 2..5* .374 .40 . 1696 
.42 .1794 2.6 • 430 • 46 . 1753 
41= - This run plotted in preference to 
corresponding run using other 
type support. 
* - Check points taken after resetting counterbalance 
11@8HFIBDN'f'I:AL 
Lift Draft 
{1bs) Diameter 
a. = 
• 1 . 017 
~ 1 * .013 
• 2 • 028 
• 3 • 042 
• 3* . 036 
• 45 . 052 
• 6 . 068 
• 8 . 083 
• 8* • 084 
1. oo .100 
1. 30 • 127 
1. 3* .131 
1. 55 • 165 
1. 75 . 189 
1. 75* . 193 
2.00 • 226 
2.20 . 276 
2.2* • 279 
2.35 • 316 
2.4* • 326 
2. 50 • 358 
2.55* • 373 
2.60 .416 
2. 70 . 505 
2. 7* . 494 
2.65 . 482 
-24-
TABLE IV 
(continued) 
RESULTS FOR 2-IN. BASE DIAMETER 
45° CONE 
Velocity Lift 
(fps) 1/2 v 2d 2 p 0 
Lift Draft Velocity Lift 
1/l PV Zdl (lbs) Diameter (fps) 
0 
12° 
J( 
a. = 12°
1
t (Sting supported) 
23.38 .0068 . 1 • 019 23.40 .0068 
• 36 .0068 .1* . 010 • 41 .0068 
• 34 .0136 • 2 • 028 • 38 • 0136 
. 41 • 0203 • 3 .032 • 44 • 0203 
. 37 • 0204 • 3* . 036 .41 • 0204 
• 36 • 0306 .45 . 043 .46 . 0303 
• 31 • 0410 • 6 .061 • 36 .0408 
• 45 • 0540 • 8 • 089 .48 • 0539 
. 36 • 0545 • 8* • 088 . 36 . 0545 
• 44 • 0676 1. 00 • 108 • 4.5 . 0675 
. 45 • 0878 1. 25 • 136 • 37 • 0850 
• 38 . 0883 1. 50 .167 • 37 .1020 
. 33 .l.l80 1. 5* • 167 .41 . 1016 
. 46 .1483 1. 75 • 200 .38 • 1189 
• 36 • 1191 2.00 • 2.49 • 33 .1365 
• 49 .1346 2. 15 • 2. 71 • 45 • 1452 
.46 • 1483 2. 15* • 289 • 10 ,1487 
• 33 • 1502 2. 15* . 273 • 41 • 1457 
• 51 • 15 79 2.35 • 323 .44 .1589 
.37 . 1633 2.45 • 336 .56 .1639 
• 36 . 1702 2..55 . 40 1 .42 . 1726 
. 38 • 1732 2.55* • 395 .40 . 1730 
• 41 • 1762 2.60 .468 • 38 . 1766 
.40 • 1832 2.65 .502 . 44 . 1792 
• 41 • 1829 
. 33 .1809 
.1! 
- This run plotted in preference to 1T 
corresponding run using other 
type support. 
* - Check points taken after resetting counterbalance 
fi illfPI:8liiitTTI A La 
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I 
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' I 
i 
Lift Draft 
(lbs) Diameter 
a = 
. 1 • 006 
. 1 .007 
. 1 * . 018 
.1* • 010 
• 2 • 024 
. 2* .018 
• 3 .042 
.4 .055 
.4* • 041 
.4* . 0'50 
• 55 . 059 
. 55*. .056 
. 7 • 073 
• 9 • 096 
.9* . 096 
1.1 . 112 
1. 35 . 139 
1. 60 . 174 
1. 6* . 175 
1.8 . 208 
2.0 . 240 
2.0* • 242 
2.2 • 282 
2. 35 . 319 
2.35>1 . 328 
2.45 . 368 
2.50 . 395 
2 .• so~ • 403 
2.60 • 439 
2.60 . 475 
2.50 . 385 
2 .. 60 • 437 
2.60 . 458 
2.70 • 519 
2.70~ .534 
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TABLE IV 
(continued) 
•QtTPHU!iN'ill! A 1. 
RESULTS FOR 2-IN. BASE DIAMETER 
45° CONE 
Velocity Lift Lift Draft Velocity Lift 
(fps) 1/2. PV 2d 2 (lbs) Diameter (fps) 1/2 v 
2d 2 
0 
p 0 
J' 
16° a. = 16 011' (Sting supported) 
23.37 .0068 • 1 .012 2.3.41 .0068 
• 33 .0068 • 2 .034 .46 . 0135 
• 41 . 0068 . 2* • O•Z3 .38 . 0136 
.45 . 0067 • 3 .040 • 41 • 0 20 3 
. 41 • 0135 • 45 . 061 • 45 .0304 
• 48 • 0135 • 60 .075 • 37 . 0408 
. 33 • 0204 .6* . 070 ·• 5·8 • 0408 
• 45 • 0270 • 8 • 09 2 • 41 . 0542 
• 46 . 0270 l. 05 • 118 • 34 .0716 
.40 . 0271 l. 30 .144 . 38 .0883 
.42 .0372 1.30* • 144 .44 . 0879 
• 42 .0372 1. 60 • 186 . 45 . 1080 
• 45 • 04 72 1. 85 • 223 .46 • 1247 
.44 . 0608 1. 85* • 229 .55 .1239 
.48 .0606 z. 10 . 268 .45 • 1418 
• 41 • 0745 2.30 • 316 • 45 • 1553 
. 45 • 0911 2.30* .318 • 55 . 1541 
. 33 .1092 2.45 .372. • 45 • 1654 
. 38 .1086 2.50* .423 • 36 .1702 
. 29 . 1232 2.55 • 455 • 45 w1722 
• 37 . 1360 2.60 .496 .45 .1.756 
. 36 . 1361 
.42 . 1489 #- This run plotted in preference to 
. 49 • 1581 
• 27 .1612 corresponding run using other 
• 30 • 1675 type support. 
• 42 • 1692 
. 37 . 1701 
. 42 • 1760 
. 34 .1772 
. 38 • 1698 
. 49 • 1749 
.42 .1760 
• 41 • 1829 
. 31 • 1844 
'* - Check points taken after resetting counterbalance 
ail elfPirreH!'IAL 
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TABLE V 
RESULTS FOR 2-IN. BASE DIAMETER 
60° CONE 
Lift Draft Velocity Lift 
(lbs) Diameter (fps) 1/l PV 2d 2 0 
Ct = 00 
• 1 • 02.0 23.48 .0067 
.1* • 014 .48 .0067 
• 1 • 0 2.1 .42. .0068 
. 2 • 02.9 • 45 .0135 
• 3 • 042 • 38 . 02.04 
. 3* • 042 .41 • 0 2.03 
• 45 • 051 .44 .0304 
• 60 • 071 • 45 .0405 
. 60•· • 063 .48 .0404 
• 80 • 079 .44 • 0541 
1.00 • 099 • 40 .0678 
l. OQ>i •. 105 .42 .0677 
1. 25 . 126 • 41 • 0847 
1. 25" . 1 2.5 . 41 • 0847 
1. 50 .154 .42 • 1016 
1 ~ '15 • 189 • 34 • 1193 
2. 00 • 234 . 38 • 1359 
2. 00 ' • 229 .44 .1352 
2.20 • 278 .42 .1490 
2. 35 • 323 • 41 • 1592 
2.35 . 318 • 49 . 1581 
2.40 • 330 • 44 • 1623 
* - Check points taken after resetting 
counterbalance. 
# GlfPI8li.!lPJ'i'l Q I 
seenPI!!Sf!!If'f'f:A Is 
Li!t. Draft 
{lbs) Diameter 
a. = 
~1 • 015 
• 1 * • 015 
. l • 026 
• 3 .041 
• 3* • 038 
.45 • 053 
. 6 . 059 
• 6* . 059 
• 8 • 084 
1.0 • 100 
1. 0* . 093 
1.3 • 130 
1. 3* • 125 
l. 55 . 155. 
1.8 • 196 
1. 8* . 197 
2.05 . 232 
2.15* . 260 
2.30 • 292 
2.30* • 296 
2.40 • 363 
2.40 . 360 
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TABLE V 
(continued) 
8 e !IJPI~li!tFi'f}fL 
RESULTS FOR l-IN. BASE DIAMETER 
60° CONE 
Velocity Lift Lift Draft Velocity Lift 
(fps) 1/z. PV z.dz. 
0 
(lbs) Diameter (fps) l/2 pV
0 
ldl 
.f! 
80 a. = 8 o rr (Sting supported) 
23.46 • 0067 • 1 • 010 23.40 • 0068 
• 41 . 0068 • 1 * . 006 • 34 • 0068 
.49 • 0135 • l .028 • 38 • 0136 
• 37 • 0204 . 3 • 033 • 36 . 0204 
.42 • 0203 . 3* .042 • 37 • 0204 
• 36 . 0306 . 45 • 05.2 • 33 .0307 
• 30 • 0410 . 60 • 061 .42 . 0406 
• 38 • 0408 • 60* .062 .41 .0406 
• 38 • 0543 • 80 • 071 • 44 • 0541 
• 44 • 0676 • 80 • 085 .45 , 0541 
• 38 . 0679 1. 00 .102 • 29 • 0685 
• 31 • 0888 1.00* . 094 .45 .0675 
• 34 • 0886 1. 30 .131 . 49 • 0875 
• 41 .1050 1. 55 .166 .56 .1038 
.52 . 1209 1.55* .173 • 37 .1054 
. 44 • 1217 1. 80 • 199 • 45 • 1215 
.41 • 1389 1. 90* • z.z.o • 41 • 1287 
• 40 .1459 2.05 • 252 • 40 • 1391 
.51 .1546 z.. z.o • 287 • 37 . 1496 
.42 .. 1557 l. 30 • 339 • 41 • 1558 
• 54 .1610 2.30* . 343 . 38 • 1562 
.42 . 1625 2.35 • 371 .38 • 1596 
#- This run plotted in preference to 
corresponding run using other 
type support. 
* - Check points taken after resetting counterbalance 
'eON:Pl:8BN'i'la' a 
-28-
TABLE V 
(continued) 
RESULTS FOR 2 -IN. BASE DIAMETER 
60° CONE 
Lift Draft Velocity Lift Lift Draft 
(lbs) Diameter (fps) 1/Z PV 2d2 
0 
{lbs) Diameter 
I a. = 16°# 
• 1 • 020 23.55 • 0067 • 10 • 011 
.1* .013 • 45 . 0068 • lO* .016 
• 2 • 020 • 51 .0134 • 20 .028 
• 2 • 025 • 24 • 0137 • 20* .026 
• 3 • 043 • 31 • 0205 • 30 .038 
• 3* • 036 • 40 • 0204 • 45 • 058 
.45 . 053 • 34 • 0307 .45* .053 
• 60 • 071 • 48 .0404 . 60 .070 
• 60'1 . 065 • 37 • 0408 . 80 • 081 
. 80 . 089 .52 . 0537 • 80* • 093 
1. 00 .104 • 45 • 0670 • 80* .088 
1. 30 • 131 • 48 • 0876 1. 00 .110 
1. 30~ • 139 .45 .0878 1. 25 . 141 
1. 55 • 175 . 51 .1042 l. 25* • 138 
1.55>1 • 175 .42 .1049 1. so • 175 
1. 70 . 200 • 59 • 1135 1. 75 • 210 
1. 90 • 252 • 54 • 1273 1. 85* • 239 
2.00 • 279 .42 .1354 2. 00·· • 278 
2.00>1 . 268 .44 • 1352 2.00* • 276 
2.10 • 318 • 45 • 1418 2. 10 • 335 
2-.ZC • 366 .46 • 1483 2. 15 • 358 
2.25 . 386 • 38 . 1529 2.20 • 383 
2. 25>1 • 386 .48 .1516 2. 25 • 413 
2.30 • 415 .48 • 1550 2. 25* .41! 
2.35 • 425 . 55 . 1574 2.30 • 452 
~~ITPI!BEN flAb 
Velocity Lift 
(fps) 1/ZPV 2d 2 
0 
(Sting supported) 
23.45 • 0068 
• 36 • 0068 
.44 • 0135 
.45 • 0135 
.42 • 0203 
.45 • 0304 
• 38 • 0306 
.45 .()~OS 
.52 • 053 7 
• 41 • 0542 
• 41 • 0542 
.59 • 0667 
• 44 . 0845 
.46 • 0843 
.42 • 1016 
• 63 • 1164 
• 45 . 1249 
.42 • 1354 
.52 • 1342. 
• 38 • 1427 
.48 .1449 
• 49 • 1480 
. 51 • 1512 
.49 • 1514 
.45 .1553 
2.35'1 • 427 .42 • 1591 () 
- This run plotted in preference to 
corresponding run using other 
type support. 
* - Check points taken after resetting counterbalance 
CON 1' IDL 1~ Y !]l!L 
Lift Draft 
(lbs} Diameter 
a. = 
• 1 • 019 
• 1 * • 012 
• 2 • 037 
• 3 . 046 
• 3* • 041 
• 45 • 069 
• 60 • 077 
• 60* • 083 
• 80 • 099 
1. 00 .112 
l. 00* .114 
1.25 • 135 
1. 50 .165 
1. 60* • 186 
1. 75 . 213 
1. 75* • 210 
1. 90 • 238 
2. 00 . 254 
2. 15 . 276 
2. 15* • 282 
2. 30 • 307 
2.30* • 307 
-29· 
TABLE VI 
RESULTS FOR 2-IN. BASE DIAMETER 
90° CONE 
Velocity Lift 
(fps} 1/2 v 2d 2 p 0 
Lift ~ft_ 
(1bs) Diameter 
I 
00 a. = ooff 
2.3.37 • 0068 • 1 • 009 
• 36 • 0068 • 1 • 011 
• 36 • 0136 
. 2 • 025 
• 34 • 0204 
. 2* .031 
• 37 • 0136 . 3 .038 
• 33 • 0307 . 45 .058 
• 37 • 0408 • 60 .073 
• 40 • 0407 
. 60* • 077 
• 38 • 0543 . 80 • 096 
• 34 • 0682 l. 00 • 112 
• 40 • 0678 l. 25 .140 
• 49 • 0841 1.25* • 132 
.54 .1005 l. 50 • 168 
• 40 • 1085 l. 75 . 223 
• 38 • 1189 1.75* . 210 
• 38 • 1189 1. 90 . 233 
• 37 • 1293 2.00 . 277 
• 40 • 1357 2. 10 • 300 
.42 • 1456 2. 10* . 304 
. 36 .1464 
(i il fF!!e!lH'flAL 
Velocity Lift 
(fps) 1/2. pV 2d2 0 
(Sting supported) 
23.31 • 0068 
• 31 • 0068 
• 40 .0136 
.34 .0136 
• 36 • 0204 
• 24 . 0309 
.40 .0407 
• 37 .0408 
.42 .0542 
.40 • 0678 
• 37 . 0850 
.45 • 0844 
• 44 .1014 
, 45 ' 1182 
.41 . 1186 
. 36 • 1293 
• 40 .1357 
• 38 . 1427 
• 37 .1429 
. ~41 • 1558 # - This run plotted in preference to 
.40 • 1560 corresponding run using other 
type support. 
* - Check points taken after resetting counterbalance 
7l@l ei fFIBI!l l f'i'la?tlsa 
Lift Draft 
{lbs) Diameter 
a = 
• 1 • 020 
.1* . 011 
• I* . 023 . 
• 1 * • 010 
.1* .026 
.1* • 016 
• 2 . 028 
. 3 • 042 
. 3* . 040 
.45 . 060 
• 60 • 079 
. 80 • 092 
• 80* • 102 
l. 00 .119 
1. 25 • 157 
1. 25* . 157 
l. 45 .197 
1.55* . 229 
l. 65 . 251 
1. 80 • 281 
1. 80* . 275 
2..00 . 324 
2. 10 . • 340 
2.10* . 351 
2. 15 . 353 
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TABLE VI 
(continued) 
RESULTS FOR 2-IN. BASE DIAMETER 
90° CONE 
Velocity Lift Lift Draft Velocity Lift 
(fps) l/2 PV 2d 2 0 
{lbs) Diameter (fps) i;zp v_ zdz 
0 
80 a = so# (Sting supported) 
23.31 .0068 . 1 .024 23.44 .0088 
• 33 .0068 • 1 * .020 • 36 .0068 
. 38 • 0068 . 2 .028 • 44 . 0135 
• 40 . 0068 • 2 • 036 • 37 . 0136 
. 34 • 0068 • 3 .046 .41 . 0203 
• 38 • 0068 . 3* • 051 .42 . 0203 
. 41 • 0136 . 45 .058 • 33 . 0307 
. 45 . 0203 . 60 • 086 • 40 . 0407 
.34 • 0204 .60* .084 .41 • 0407 
• 40 • 0306 • 80 • 108 .40 • 0543 
. 41 • 0407 l. 00 .134 .41 .0678 
.40 • 0543 1 .... 00* . 126 . 46 . 0674 
.49 .0538 1. 25 .171 .42 . 0846 
. 40 .0678 1. 40* • 208 • 37 . 0952 
. 45 .0844 1.;'50 • 226 • 46 . 1011 
. 
• 49 • 0841 1. 65 • 271 • 44 • 1116 
. 34 • 0988 1. 65* • 272 .54 . 1107 
.42 • 1049 l. 75 , 316 .48 .1179 
.41 . 1118 1. 85 • 357 • 38 • 125 7 
.42 • 1219 l. 85* • 360 .40 • 1255 
.44 . 1217 
• 37 • 1361 # - This run plotted in preference to 
.41 .1423 corresponding run using other 
• 45 • 1418 type support . 
. 38 • 1461 
* - Check points taken after resetting counterbalance 
€GNP IBJ!JH'fi:a'ML 
Lift Draft 
(lbs) Diameter 
a. = 
• 1 • 016 
• 1 * • 025 
.1* . Oll 
.1* • 014 
• 1 * • 019 
• 2. • 032. 
. 3 • 047 
• 3* • 053 
• 45 .070 
• 60 • 093 
. 60* . 091 
• 75 .114 
. 85* • 128 
l. 00 • 160 
1. 10 • 186 
1. 10* • 185 
1. 20 • 221 
l. 30 . 251 
l. 40 • 269 
1.40 • 2.79 
l. 50 . 294 
l. 50* • 298 
1. 55 • 307 
l. 60 • 3 2.3 
l. 70 • 336 
-31- 8 8HPIPJ]!gU'!'IAb 
TABLE VI 
(continued) 
RESULTS FOR 2.~IN. BASE DIAMETER 
90° CONE 
Velocity Lift 
(fps) 1/2P V 2d 2 
0 
Lift Draft Velocity Lift 
(lbs) Diameter ;(fps) Ilzpv_ 2ci2 
0 
16° a. = 16° {/ (Sting supported) 
2.3. 33 • 0068 • l • 026 23.42 .0068 
. 40 • 0067 .1* .023 • 44 .0068 
• 36 .0068 • 2 • 043 .42 .0135 
• 41 • 0067 .2* . 042 .42 .0135 
• 33 • 0068 . 3 .054 • 36 • 0204 
• 36 .0136 .4 .068 . 26 . 0275 
.41 • 0203 .55 . 085 .38 • 0374 
.41 • 0203 .55* • 094 .45 .0371 
• 44 • 0304 .55* • 091 • 37 • 0374 
• 46 .0405 • 70 • 114 • 31 . 0478 
.42 • 0406 . 85 • 130 • 36 . .0579 
• 40 • 0509 . 85* .. 140 ,52 , 0570 
• 38 • 0577 l. 00 . 167 .40 • 0678 
• 42 .0677 1. 11'5 • 220 • 22 • 0793 
• 37 . 0748 l. 25 . 261 • 37 • 0850 
• 41 . 0745 1. 25* • 268 • 37 . 0850 
. 41 .0813 1. 35 . 307 .42 • 0914 
.45 . 0878 1.35 . 302 • 38 .0917 
. 37 .0952 l. 45 .3119 .42. . 09&Z 
.44 .0947 1. 45* . 360 • 34 . 0988 
• 40 • 1018 
. 38 • 1019 # - This run plotted in preference to 
. 44 .1048 corresponding run using other 
.42 .1083 type support . 
. 37 • ll56 
* - Check points taken after resetting counterbalance 
t8C!fFH!HitJTT A h 
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APPENDIX I 
Apparatus and Experimental Procedure 
Figures 9 and 10 show the single component mechanical balance used to 
obtain the lift coefficient data which are tabulated and plotted in this report. 
With the model mounted at a known angle of attack, the lift force was meas-
ured by placing a known load on the weighing pan and moving the model and 
balance vertically by means of the elevating mechanism until the null indi-
cating pin was at the center of its travel. A counter, geared to the ele-
vating device, indicated the submergence of the model for thi.s 1-:>a.d. 
At the beginning of each run, the elevation corresponding to zero sub-
mergence was determined by locking the balance at the midpoint of its ex-
cursion and changing its vertical position by means of the elevating mechan-
ism until the model was touching the surface ripples as often as it was not. 
At this point the elevation counter was set to read zero. By this definition 
of the point of zero submergence, the elevation zero could be repeated to 
.i. o. 001 ft. 
Angle of attack was measured by determining the vertical distance (by 
means of the elevating mechanism) between two points on the model which 
were a known longitudinal distance apart. The tunnel water level, stationary 
in this case, was used as the horizontal reference point. These measure-
ments are accurate to± 0. 1° for cones with small apex angles and to 
.i. 0. Z5° for those with larger angles. Since the water in the tunnel has a 
longitudinal slope of 0°10 t when flowing through the tunnel, the angle of 
attack of the model was corrected by this amount before force measure-
ments were made. 
A dashpot was employed to reduce the oscillations of the model due to 
rapid velocity fluctuations and to the roughness of the water surface. Spray 
droplets clinging to the model and balance necessitated frequent checks of 
counterbalance even though compressed air was used to blow away the ex-
cess water. Submergence readings correspo!'lding to a given pan weight 
were repeatable to± 0. 001 ft. That the repeatability of data was excellent 
can be seen from the curves which show very slight scatter, even though this 
includes many check points made after checking or resetting the counter-
balance. 
•ettPIBBtti'I A I.e 
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Fig. 9 -One-component mechanical lift balance on elevating 
mechanism with 15° cone mounted on original support. 
Pre sent dash pot shown. 
Fig. 10 - Side view of lift balance mounted in the Free-Surface Water 
Tunnel. Planing 2-in. diameter cylinder attached. 
Former damping device shown. 
:@eHPI15l!!lff'iFI U, 
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APPENDIA: ll 
Effect of Cone Mountins System Upon Measured Values of Lift Coefficient 
Since it was desh·ed to obtain the lift coefficients for basic goemetric 
shapes (cones and cylinders), the rnodel support strut should have been so 
located as to produce no effect on the flow pattern around the planing body. 
For low values of submergence ratio and for small angles of attack, the 
simple technique of fastening the smaller section of the frustum of the cones 
to the balance strut was employed, as shown in Fig. 11-a. Under these con-
ditions it was obvious that the model support did not influence the flow a-
round the cone. 
At deeper submergences, and/or at higher angles of attack, the for-
ward spray sheet struck the balance strut and caused water to collect on the 
mounting screw, then to fall back into the stream immediately in front of the 
model. The weight of accumulated water, as well as the interference caused 
by the water falling back into the stream, resulted in values of lift coefficient 
slightly different from those obtained with the sting support system. shown 
in Fig. 11-b, which had a less adverse effect on the flow pattern. Although 
this method of mounting the model on a 3/8-in. diameter by Z-1/Z-in. long 
sting cannot eive the same results as will a cone model alone, it was felt 
that the use for which these data are intended did not warrant a more 
thorough investigation of strut interference effects at this time. In any 
event. prototype application will probably involve an afterbody which will 
be a composite of same of those investigated here, so that an interference 
problem of much greater importance will manifest itself at that time. This 
problem may justify further measurements of the lift coefficient of some 
typical composite bodies for comparison with estimated coefficients based 
on a combination of the results from the simple configurations. 
Figure 12 shows three pairs of curves, each for different model setups. 
Examination of these curves will show how the model support can affect the 
lift measurements for cones of different apex angle and angle of attack. In 
each case the nature of the spray sheet thrown forward by the planing cone 
determines the nature of the difference between the curves for different 
types of model support. The two methods of support used are here identified 
as "original" and "sting", whereas the legend in Fig. 8 does not specifically 
identify the "original" data, but indicates instead those points plotted from 
"sting" data by using half darkened circles for points. 
•eetu le:BU'I'ho t. 
Fig. 11 -
-35- 8ehf IDEN I lift. 
0 30 cone mounted on two types of cone support. 
Upper (a) shows original method of mounting with no sting. 
Lower (b) shows cone with 3/8-in. diameter sting between 
cone and strut. Water flows from left to right. 
@@!fPl:QFNTI A~· 
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Fig. 12 - Variation of lift coefficients with type of support (original vs. 
sting) for planing 2-in. diameter cone models. V 0 = 23.4 fps. 
Froude number based on model diameter, F d = 10. 1. 
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APPENDIX Ill 
Comparison between Present Results and Those Previously Obtained 
in the Free·Surface Water Tunnel 
The measurements presented here and in the report on Froude number 
modeling 1 were made under improved conditions of operation of the Free• 
Surface Water Tunnel and the weighing apparatus. A surface skimmerl has 
materially improved the non-rectangular velocity profile that formerly ex-
isted near the air-water interface, as indicated in Fig. 13. A consequence 
of the former velocity profile was a lower effective water velocity at, and 
near, the free surface. Installation of the surface skimmer has not elimi-
nated this condition completely, but errors due to this source have been re-
duced so that they are now possibly no greater than those introduced by the 
surface ripples. 
about 0. OOZ ft. 
The ripples have a mean height, from trough to crest, of 
Both the curved velocity profile and the surface ripples af-
feet the accuracy of the definition of zero model submergence. 
For the former publications dealing with the hydrodynamic forces on 
afterbody shapes3• 4 • S, data were taken at velocities lower than those used in 
the current experiments because of limited power in the tunnel drive during 
the earlier runs. When higher velocities became available, the Froude num-
ber modeling studies were made and conditions established for approximat-
ing the results of gravity-free operation. 
Previous measurements were made with a balance consisting of a long 
beam pivoted at one end with the model mounted at the other. Weights were 
added at the downstream {model} end, and model draft measured. Changes 
in draft resulted in small changes in angle of attack, and lift coefficient 
measurements were based on an assumed location for the center of pres sure 
since all measurements were actually of moments about the beam pivot. 
With this procedure, drag forces also produced a moment about this point, 
but this was kept small by placing the beam pivot near the free surface and 
thereby minimizing the length of the moment arm. The present method, 
which employed the paralleloeram balance, resulted in more accurate force 
measurements, free from the C:efects listed above, and permitted rapid exe-
cution of the experiment after the models had beeft mounted at the proper 
angle of attack. 
tUNP ID!!If't'IAL 
1-
LlJ 
LlJ 
1.&.. 
z 
LlJ 
<.:> 
<t 
1.&.. 
Q: 
:;:, 
en 
~ 
0 
..J 
LlJ 
al 
:I: 
1-
a_ 
LlJ 
0 
-38-
0 FREE SURFACE \ \ ' \ \ -
0 
.I 
.02 
" " 
f.- .2 
.04 _, 
" 
""" 
" 
f.-
.3 
.06 '\ 
\ 
- .4 
\ 
.08 _i \ - .5 
\ 
.10 1 \ .6 
\ 
.I 2 _t f.-1 
.7 
.14 
\ 11-
I 
.8 
LEGEND: I~ .9 
. 16 
--ORIGINAL LIP, 15.5 fps I r 
I SURFACE SKIMMER I 15.2 fpa 
r 1.0 
li 
.18 
30 40 50 60 70 . eo 90 100 
VELOCITY HEAD 
REFERENCE VELOCITY HEAD X IOO 
Fig. 13 - Comparison of tunnel velocity head profile (V /V 
0
) 2 existing 
near surface with and without present surface skimmer. 
Total depth of water in working section is 1. 65 ft. 
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APPENDIX lV 
Scale Effects 
Operational requirements of cavity-running vehicles may impose speci-
fications of size and velocity greatly different from those for which the data 
in this report were obtained. In order to apply these data to predictions of 
prototype performance, valid modeling laws must be applied to ensure dy-
namic similitude. The report "Experimental Study of Froude Number 
Modeling for Cylinders Planing on Water" 1 represents the results of an 
investigation of the modeling problem for planing cylinders and discusses 
some of the difficulties encountered. On the basis of this modeling study, 
the tunnel velocity and the size of the cone models were chosen for the 
present series of measurements so as to approach as closely as possible 
the conditions of gravity-free operation. It is strongly recommended, how• 
ever, that the report mentioned above be examined when making compari-
sons with data of other investigators6 and prior to utilization of the data 
presented in this report. 
Although the similitude investigation was concerned only with the model-
ing problem for planing cylinders, the independence of lift coefficient with 
changes in cone apex angle when plotted against surface angle of attack 
(Fig. 8}, indicates that observations made with the cylinder may be ap-
plicable to the results of cone studies. In both cases the influence of gravi-
ty should be similar, as should the effects of viscosity, turbulence, and 
the clinging of the spray sheet. 
Unlike the co·ne models, which were turned from solid aluminum, the 
cylinders consisted of aluminum tubing open at both ends. Possibility of 
modeling difficulties arising frorn the lack of similarity of the flow due to 
the air cavity trailing from the deeply submerged models was investigated, 
but for the deepest submergence of the cone tests no detectable difference 
was found between the lift coefficients of a hollow Z.-in. diameter cylinder 
and those of one with plugged ends. For this reason, data for the hollow 
cylinder was included in this report; even though prototype application will 
probably make use of a solid one. 
Photographs of planing models allow a great deal to be learned about 
the flow patterns. Figu4e 14 shows the clinging spray blisters on a 
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cylinder at low velocity, angle of attack, and submergence. Figures 15 and 
16 show, for a higher velocity, the increase in spray as the angle of attack 
is increased. At 0. 5 diameters submergence and at the higher velocity, 
the effect of changing pitch angle from 9° to ZZ. 6° is shown in Figs. 17 to 
19. 
A 15° cone at 1Z0 angle of attack and shallow submergence is shown 
at low and high velocity in Figs. ZO and Zl. The same cone at 4° angle of 
attack and two values of submergence is shown in Figs. Zl and 23. 
Finally. the 30° cone at 16° angle of attack and a very shallow draft-
diameter ratio is shown for the two velocity conditions in Figs. Z4 and ZS. 
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Fig. 14 -
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High-speed electronic flash photograph of 2-in. 
diameter cylinder planing at 4. 5° angle of attack. 
Flow velocity = 14. 9 fps; draft/diameter = 0. 25. 
Clinging side spray blisters are shown. 
Fig. 15 -Flashbulb photograph of 2-in. diameter cylinder 
planing at V 0 = 23.4 fps. Draft/diameter = 0. 25; 
angle of attack = 7°. 
Fig. 16 -Flashbulb photograph of 2-in. diameter cylinder 
planing at V 0 = 23.4 fps. Draft/diameter = 0. 25; 
angle of attack = 22. 6°. _ 
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Fig. 17 - Flashbulb photograph of 2-in. diameter cylinder 
planing at V 0 = 23.4 fps. Draft/diameter = 0. 5; 
angle of attack = 9°. 
Fig. 18 - Flashbulb photograph of 2-in. diameter cylinder 
planing at V 0 = 23.4 fps. Draft/diameter = 0. 5; 
angle of attack = 12°. 
Fig. 19 - Flashbulb photograph of 2-in. diameter cylinder 
planing at V 0 = 23.4 fps. Draft/diameter= 0. 50; 
angle of attack = 16°. 
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Fig. 20 - Flashbulb photograph of 2-in. diameter, 15° cone 
planing at a 12° angle of attack. Draft/diameter 
= 0. 1; flow velocity = 14. 5 fps. 
Fig. 21 -Flashbulb photograph of 2-in. diameter, 15° cone 
planing at a 12° angle of attack. Draft/diameter 
= 0. l; flow velocity = 23. 4 fps. 
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Flashbulb photograph of 2-in. diameter, 15° cone 
planing at V 0 = 23. 4 fps. Angle of attack = 4°; 
draft/diameter = 0. 09. 
Fig. 23 - Flashbulb photograph of 2 -in. diameter, 15° 
planing at V 0 = 23.4 fps. Angle of attack = 
draft/ diameter = 0. 19. 
cone 
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Fig. 24 -
Fig. 25 -
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Flashbulb photograph of 2 -in. diameter, 30° cone 
planing at 16° angle of attack. Draft/diameter 
= 0. 08; flow velocity = 14.7 fps. 
Flashbulb photograph of 2 -in. diameter, 30° cone 
planing at 16° angle of attack. Draft/diameter 
= 0. 08; flow velocity = 23.4 fps. 
@8ffFI~IkiT'iRi W.. 
-46- 8614± i15Elf'fiJdss 
BIBLIOGRAPHY 
(References 2 to 5 are reports for Dept. of the Navy, 
Bureau of Ordnance, Contract NOrd 9612) 
1. Kiceniuk, Taras, "Experimental Study of Froude Number Modeling 
for Cylinders Planing on Water", Dept. of the Navy Office of 
Naval Research, Contract N6onr-24424, California Institute 
of Technology, Hydrodynamics Laboratory Report No. 24. 4, 
January 7, 1952. 
2. Kiceniuk, Taras, "Forces on a Proje.ctile in a Cavity", Bi-Monthly 
Progress Report for October-November, 1950. 
3. Kiceniuk, Taras, "Forces on a 15° Cone Planing on a Flat Water 
Surface", Report No. M-31. 2. 
4. 0 1Neill, J. P., "Forces on Projectiles in a Cavity", Bi-Monthly 
Progress Reports August-September, 1948 and April-May, 1949. 
5. OlNeill, J. P., "Reaction of the Wall of an Entrance Cavity Against 
the Afterbody of a Projectile", California Institute of Technology, 
Hydrodynamics Laboratory Report No. N -60, October., 1948. 
6. Hogg, H. and Smith, A. G., "Forces on a Long Cylinder Planing on 
Water", Royal Aircraft Establishment, Farnborough, E ·ngland, 
Report No. Aero. 1999, December, 1944. 
:ii8IU I~H'!FI 9eL 
Copy No. 
l 
z 
3-4 
5-7 
8-12 
13-15 
16 
17-18 
19-20 
21-22 
23-24 
25-26 
2.7 
28 
29 
30 
31-32 
33-34 
35-44 
45 
46 
47 
48 
49 
50 
DISTRIBUTION LIST FOR NOrd 9612. 
California Institute of Technology 
Pasadena, California 
Name and Address 
Chief, Bureau of Ordnance, Navy Department, Washingto: 
2.5, D. C., Attention: Code Re6a 
Code Re3d 
Code Ad3 
Chief, Bureau of Aeronautics, Navy Department, 
Washington 25, D. C., Attention: Code De3 
Chief, Bureau of Ships, Navy Department, ·washington 
2.5, D. C. 
Chief of the Office of Naval Research, Navy Department 
Washington 2.5, D. C., Attention: Code 438 
Office of Naval Research, Los Angeles Branch, 
1030 East Green Street, Pasadena, California 
Director, David Taylor Model Basin, Washington 7, D. C 
Commanding Officer, NaVal Torpedo Station, Newport, R 
Commander, Naval Ordnance Test Station, Inyokern, 
China Lake, California 
Commander, Naval Ordnance Test Station, Pasadena 
Annex, 3202. East Foothill Blvd., Pasadena 8, California 
Commander, Naval Ordnance Laboratory, White Oak 
Silver Spring 19, Maryland 
Director, Stevens Institute of Technology, 711 Hudson 
Street, Hobo}cen, N. J.; Via: Bureau of Aeronautics Rep-
resentative, c/o Bendix Aviation Corp., · Eclipse-Pidneer 
Division, Teterboro, New Jersey 
Director, Ordnance Research Laboratory, Penn. State 
College, State College, Pennsylvania 
Alden Hydraulic Laboratory, Worcester Polytechnic 
Institute, \Vorcester, Mass. Via: Inspec;tor of Naval 
Materiel, Summer Street, Boston 10, Mass. 
Inspector of Naval Materiel, Development Contract 
Section, 1206 South Santee Street, Los Angeles, Calif. 
Superintendent, U.S. Navy Postgraduate School, 
Annapolis, Maryland 
Director, U.S. Naval Electronics Laboratory, Point 
Lorna, San Diego, California 
British Joint Services Mission, Navy Staff; Via: Chief, 
Bureau of Ordnance, Navy Department, Washington 25, 
D. C., Attention: Code Ad8 
Executive Secretary, Research and Development Board 
National Defense Building, Washington, D. C. 
Dr. Lindvall, Chairman, Division of Engineering, Cali-
fornia Institute of Technology 
Dr. E. Bromberg, Office of Naval Research, Mechanics 
Branch 
Underwater Ordnance Dept. , Naval Ordnance T'!tst .:5ta., 
Thompson Laboratory, Grand Ave., Pasadena., Calif. 
Attn: Code P 80 
Attn: Code P 8001 
Commander, Submarine Development Group TWO, 
c/o Fleet Post Office, New York, N. Y. 

